OLDER MACROLIDES
The last few decades have witnessed a virtual explosion in the number of antimicrobials available. We have seen the development of newer and more potent betalactams in the form of extended spectrum penicillins. third generation cephalosporins and carbapenems. More recently, the fluoroquinolones have captured our attention with an ever increasing number of agents with broader spectra of activity. The macrolides, however, have been with us for almost 40 years, but recently there has been a resurgence of interest in these agents.
Erythromycin. the first of the macrolides , was isolated in 1952 from a strain of Streptomyces erythreus found in a soil sample from the city of Ilo-Ilo in the Philippines (3). Its initial use was primarily against Gram-positive coccal infections, particularly in patients allergic to penicillin, but in the 1960s its activity againstMycoplasmapneumoniae was documented (4 ,5).
Erythromycin consists of a 14-membered macrocyclic lactone ring to which are attached two sugar moieties; desosamine and cladinose. Following oral ingestion, it breaks down under acidic conditions to 8,9-anhydroerythromycin-6 ,9-hemiketal and lhen to its 6 ,9 ,9,12-spiroketal form (6) . Neither of these acidcatalyzed degradation products possesses significant antibacterial activity.
In order to minimize breakdown of the drug by gastric acid and to enhance absorption. a number of oral preparations of erythromycin have been made available. These depend primarily on the use of acidstable enteric coatings or the use of highly water insol- 
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In addition to the above mentioned modifications used to protect erythromycin against acid degradation, a number of additional approaches have been used in order to prevent acid-mediated breakdown. This has led to the development of a number of newer macrolides (eg, clarithromycin, azithromycin, roxithromycin) with altered pharmacokinetic and, in some cases, improved antimicrobial properties. The production of many of these newer compounds came about by modification of the functional groups which took part in the acid-catalyzed degradation reaction. These include the ketone at C-9, the hydroxyl group at C-6 , the proton at C-8 and the diol moiety at C-ll and C-12 (6) .
These newer compounds contain either a 14-,15-or 16-membered ring structure. The larger 15-membered ring, which forms the basis for the new macrolide azithromycin, was made by inserting a nitrogen into the lactone ring. This modification contributes to the basicity of the molecule as well as to its activity against Gram-negative bacteria (7) . A number of 16-membered compounds are under development as well with the major research thrust directed toward acylation of the hydroxyl groups on the lactone ring and the neutral sugar. Such structural changes provide enhanced activity against some resistant organisms and improve oral bioavailability (8) .
IN VITRO ACTIVITY
The antimicrobial mechanism of action of the macrolides is based upon their ability to interfere with protein synthesis by the microorganisms. They accomplish this by binding to the 50S component of the 70S ribosome subunit which in turn prevents translocation reactions of the component amino acids required for the building of any proteins (9) .
As with virtually any antimicrobial agent, resistance among various pathogens may develop. Resistance to the macrolide class of compounds can be both inducible or expressed constitutively and may be on the basis of chromosomal or plasmid-mediated mechanisms (10) . The resistance has a rather distinctive name, being referred to as macrolide. lincosamides, s treptogramin B (MLS) resistance, and is ultimately due to the inability of the drug to attach to its binding site due to methylation of residues in the 23SrRNA (10). If we examine the minimum inhibitory concentrations (MICgo) for the various 14-, 15-, and 16-membered macrolides against Gram-positive cocci such as methicillin-resistant Staphylococcus aureus and Staphylococcus epidermidis, there a re virtually no significant differences between these compounds (7). For methicillin-susceptible S aureus, while the range of MICs is the same, the 16-membered compounds appear to have lower MICgos. Similarly, these compounds all do very well against various streptococcal pathogens, with the 14-membered agents having slightly lower MICgos than the 15-and 16-membered macrolides (7) .
The main concern, however, is with the respiratory pathogens, both the older as well as the newer ones. The main organisms of interest include Streptococcus pneumoniae, Haemophilus irifluenzae. Moraxella catarrhalis , Legionella species, Chlamydia pneumoniae and M pneumoniae. The in vitro a ctivity of erythromycin and some of the newer macrolides against these pathogens is given in Table 1 . All of the agents exhibit excellent activity against S pneumoniae and M catarrhalis. Against H irifluenzae, it would appear that azithromycin is the most active. In the case of clarithromycin, a unique situation exists. In humans, the major metabolite of clarithromycin is 14-hydroxy clarithromycin. This compound is generally as active as clarithromycin against most pathogens responsible for community-acquired respiratory infections, and two-fold more active than the parent compound against H injluenzae (7, ll) . In testing the two agents together against H injluenzae, MICs were usually four-to eight-fold lower for the combination, with a fractional inhibitory concentration (FIC) index ranging from 0 .51 to 1.0 (mean FIC index of 0 .65 indicates at least an additive effect in vitro) (12) .
Against respiratory pathogens such as L pneumophila, the 14-membered macrolides, clarithromycin and roxithromycin, appear to be superior to erythromycin or the 15-and 16-membered lactones , azithromycin and josamycin, respectively. Against C pnewnoniae, erythromycin appears to be very active, exceeded only by clarithromycin (7) .
The pharmacokinetic parameters are where some of the newer agents distinguish themselves from erythromycin. Erythromycin base given in a dose of 500 mg by mouth yields serum levels of 0.3 to 1.9 flg/mL. However, the drug is highly protein bound (over 90%) and its elimination half-life is 1.5 to 3 h , necessitating qid dosing (13) .
Clarithromycin, on the other hand, is rapidly absorbed from the gastrointestinal tract -providing good levels in serum as well as tissue -and, unlike erythromycin, is stable in the presence of gastric acid. The oral bioavailabilities of clarithromycin and azithromycin differ somewhat, being approximately 55% and 37%, respectively (14) . Ingestion with food affects these drugs in different ways. The bioavailability of clarithromycin increases by 25% while that of azithromycin decreases in the presence of food (14) .
The distribution of some of these drugs, particularly clarithromycin and azithromycin, is of interest to both investigators and clinicians. Steady state peak serum concentrations of clarithromycin are 1.0 to 1.5 flg/mL after a 250 mg bid dose and 2.0 to 3.0 flg/mL after a 500 mg bid dose (see page lOA of this issue). Serum concentrations of azithromycin are significantly lower. In one study involving 22 patients, the mean serum concentration 12 h after a single 500 mg dose of azithromycin was 0.13 f.Lg/mL. The serum concentrations were generally sub MIC throughout the study period (15) . Both drugs achieve levels in lung tissue that exceed MICgos of pathogens such as L pneumophila, C pnewnoniae and M pneumoniae. Also , both agents achieve levels in polymorphonuclear leukocytes up to 16 and 25 times greater than those in serum for clarithromycin and azithromycin, respectively (16) .
CLINICAL ACTIVITY
Macrolides have been used to treat a variety of infections over the years. Those most frequently treated include respiratory tract infections, skin and soft tissue infections, and gastrointestinal infections.
A detailed discussion of various respiratory tract infections treated with macrolides is beyond the scope of this article. However, infections involving virtually every component of the respiratory tract have been treated with macrolides, usually erythromycin. This 0 Y·DO CO New and changing roles of macrolldes agent does well for infections such as otitis media and sinusitis if S pnewnoniae is the causative pathogen, but if H injluenzae is involved, erythromycin alone may be insufficient and a second drug is generally required (17, 18) . For cases of bacterial pharyngitis/tonsillitis due to S pyogenes, erythromycin eliminates the organism and prevents post infectious sequelae such as rheumatic fever and glomerulonephritis.
For cases of community-acquired pneumonia, erythromycin has been the agent of choice for organisms such as M pneumoniae, C pneumoniae and L pneumophila (19, 20) . Its main drawback has been its lack of consistent activity against H influenzae , preventing its use as single agent therapy for patients with community-acquired pneumonia in whom H influenzae is a possible pathogen. This is obviously one of the potential advantages of these newer drugs . Their broad spectrum of activity allows their use as monotherapy for selected cases of community-acquired pneumonia.
Macrolides such as erythromycin have also been used for treatment of various skin and soft tissue infections such as erysipelas, cellulitis and impetigo. For certain gastrointestinal infections, for example, those caused by Campylobacter jejuni, erythromycin also has a role (21) .
Aside from therapeutic indications, erythromycin has also been used prophylactically. It has been used in penicillin-allergic individuals as a prophylactic agent for bacterial endocarditis; it has also been used for prevention of rheumatic fever and in combination with oral neomycin for prophylaxis in patients undergoing colon surgery.
CHANGING ROLES OF THE MACROLIDES
With the availability of newer macrolides with an enhanced spectrum of activity, improved pharmacokinetics and reduced adverse effects, the role of the macrolides may well be changing. Newer macrolides now offer the prospect of monotherapy for certain cases of community-acquired pneumonia, even when pathogens such asH irifluenzae are a concern. There are also a number of other possible uses for these newer agents, particularly clarithromycin, for infections caused by 3A
